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© A novel pectinase for degradation a pectin or pectic acid is disclosed wherein 



00 
CM 

I*- 

<%! 
ID 

in 



(1) the novel pectinase is an endopoiygalacturonase produced from a genus Saccharomyces, 

(2) the optimal pH is 4.0, * 

(3) the stable pH range is 4.0 to 8.0, 

(4) the optimal temperature is 45 • C, 

(5) the enzymatic activity is stable up to 45 'C, and 

(6) the molecular weight is 38,000. A low-molecular pectin having a low viscosity and a high solubility and 
maintaining the physiological activity as the dietary fiber, and food and drink each of which contains 0.01 to 
50 wt% of the low molecuiar pectin are also disclosed. 
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The present invention relates to a nove! pectinase capable of degrading a pectin into a low-molecular 
pectin having a molecular weight of 20,000 to 80,000. The present invention also relates to a low-molecular 
pectin converted from a pectin white the physiological activity of the pectin as a dietary fiber is maintained, 
and food and drink which contain the iow-molecular pectin. 

5 Dietary fibers are defined as hard digestive components in foodstuffs which cannot be digested by 
human digestive enEymes. The dietary fibers include non-digestive organic materials such as chitin and 
chitosan in addition to plant eel! wal! components such as cellulose, lignin, and pectin. In recent years, 
these dietary fibers are found to have various activities such as a defecation improving effect and an activity 
of reducing the cholesterol content of blood and to play an important role in preventing diseases of adult 

to people. 

Of these dietary fibers, pectic substances such as a pectin and pectic acid have a strong activity as the 
dietary fibers. Various effects such as a defecation improving effect, an effect of repressing the level of the 
cholesterol content of blood, an effect of repressing formation of gallstones, and a hypertensive repression 
effect have been reported. Conventionally, pectic substances have been used as stabilizers in jams, fruit 
75 jellies, yoghurt drinks, and lactic acid beverages in food industries. Since the pectic substances have the 
above effects, they are expected as dietary fibers to be added in food and drink. 

A pectic substance is bound with the cellulose in an unripe fruit or plant to be present in the form of a 
complex called a protopectin. Sn particular, the protopecfin is contained in citrus fruits, apples, and Chinese 
quinces in large amounts. Although this protopectin is insoluble, it is hydrolyzed to produce a soluble pectin 
20 or pectic acid when the fruit is ripened. 

Of these products, the pectin is a polysaccharide containing galacturonane as a polymer of galacturonic 
acid as a major component and small amounts of rhamnose, arabinose, xylose, and galactose and having a 
molecular weigh of 200,000 or more. 

The pectin generally has a low solubility and a high viscosity and tends to gel. For this reason, although 
25 the pectin has the various effects as described above, only a small amount of pectin is added to food and 
drink, and if Is difficult to add the pectin in food and drink in an amount enough to expect the activity of the 
dietary fiber. 

It is, therefore, the first object of the present invention to provide a low-molecuiar pectin which has a 
high solubility and a low viscosity and maintains the physiological activity as the dietary fiber, 
ao It is the second object of the present invention to provide food and drink which contain the low- 
molecular pectin. 

It is the third object of the present invention to provide a novel pectinase useful for preparing the low- 
molecular pectin. 

In order to achieve the above objects of the present invention, a pectin is degraded using a pectinase to 
35 obtain a low-molecular pectin which has a low viscosity and a high solubility. The present inventors made 
extensive studies on many pectinase on the basis of the above assumption. As a result, the present 
inventors found that endopolygalacturonases (EC3. 2. 1. 15} derived from a yeast (i.e., Kluyveromyces 
fragilis, JTF-1) belonging to the genus Kluyveromyces, a yeast (i.e., Geotrichum candkTumT JTF-2) 
belonging to the genus Geotrichum, a yeast (i.e., Candida Kefyr , JTF-3) belonging!© the genus Candida, 
ao and a yeast (i.e., SacchaFom yceTbayanus , JTF-4) belonging to the genus Saccharomyces vrere~suitable as 
pectinase. in addition, the present inventors also found that even if enzymes obtained from the above 
yeasts were caused to act up to the degradation limit, the decrease in molecular weight of the pectin by 
degradation was stopped at the molecular weight of about 20,000, and degradation no longer progressed. 
The present Inventors also found that low-molecuiar pectins having molecular weights of 20,000 to 80,000 
45 could be obtained by appropriate reaction condition control. 

The present inventors have deposited the micro-organisms for producing the pectinase 
(endopolygalacturonases) used in the present invention designated as JTF-1 (accession number: PERM BP- 
4056} on October 11, 1991, JTF-2 (accession number: PERM BP-4057) on December 19, 1991, JTF-3 
(accession number: PERM BP-4058) on March 6, 1992, and JTF-4 (accession number: FERM BP-3916) on 
so July 9, 1992 with the Fermentation Research lnstitute,Agency of Industrial Science and Technology located 
at 1-3, Higashi 1-chome, Tukuba-shi, Ibaraki-ken 305, Japan in accordance with the Budapest Treaty on the 
International Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedures. 
The present inventors found for the first time that JTF-4 produced an endopoiygalacturonase. 
According to the first aspect of the present invention, therefore, there is provided a novel pectinase 
55 having the following natures (i) to (vi). 

(i) A novel pectinase is an endopoiygalacturonase which is produced from the genus Saccharomyces 

and degrades the pectin and the pectic acid. 

(ii} An optimal pH upon reaction at 35 °C for 20 minutes is 4.0. 



3 



EP 0 552 728 A1 



p) A stable pH range upon heating at 35 °C for 60 minutes is 4.0 to 8.0. 
{iv} An optimal temperature upon reaction at a pH of 5.0 is 45 "C. 

(v) The enzymatic activity upon heating at a pH of 5.0 for 60 minutes is stable up to 45° C. 

(vi) The molecular weight is 38,000. 

According to the second aspect of the present invention, the endopofygaiacturonases (the en- 
dopolygalacturonases produced from the yeasts JTF-1 to JTF-4 will be referred to as JTFP-1, JTFP-2, 
JTFP-3, and JTFP-4, respectively) produced from JTF-1 , JTF-2, JTF-3, and JTF-4 are caused to act on 
pectins to obtain low-molecular pectins. 

According to the third aspect of the present invention, there are provided food and drink which contain 
0.01 to 50 wt% of the low-molecular pectin. 

This invention can be more fully understood from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

Fig. 1 is a graph showing the relative activity and the pH to determine an optimal pH of an enzyme 
(JTFP-4); 

Fig. 2 is a graph showing the relative activity and the pH to determine a stable pH range of the enzyme 
(JTFP-4); 

Fig. 3 is a graph showing the relative activity and the temperature to determine an optimal temperature 
of the enzyme (JTFP-4); 

Fig. 4 is a graph showing the relative activity and the temperature to determine a stable temperature 
range of the enzyme (JTFP-4); and 

Fig. 5 is a graph showing a viscosity curve of a low-molecular pectin according to the present invention. 
The present invention will be described in detail below. 

An endopolygalacturonase (JTFP-4) derived from JTF-4 belonging the genus Saccharomyces according 
to the present invention will be described below. 

JTFP-4 as the enzyme of the present invention acts on a pectin and pectic acid to hydrolyze them. 
JTFP-4 has the following physicochemical properties. 

(1 ) Substrate Specificity 

JTFP-4 according to the present invention degrades the pectin and pectic acid, but does not degrade 
soluble starch, dextrin, and xylan. 

(2) Optimal pH 

JTFP-4 according to the present invention has an optimal pH near a pH of 4. 

(3) Stable pH Range 

JTFP-4 according to the present invention is stable in the pH range of 4 to 8. 

(4) Enzymatic Activity 

The enzymatic activity of JTFP-4 is 33.9 units/mg protein (1 unit: an amount of enzyme for producing 1 
wrnol of a reducing group of the hydrolysate per minute at 35 °C in the hydrolysis of pectic acid). 

(5) Optimal Temperature 

JTFP-4 according to the present invention has an optimal temperature near 45 • C. 

(6) Stable Temperature 

JTFP-4 according to the present invention is stable until 45 *C. 

(7) Influence of Metal ion and Inhibitor 

JTFP-4 according to the present invention is inhibited by 69% with barium chloride, but is not inhibited 
with magnesium sulfate. JTFP-4 is inhibited by 74% with EDTA. 
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(8) Molecular Weight 

The molecular weight of JTFP-4 is 38,000. 

5 (9) Amino Acid Composition 

JTFP-4 according to the present invention has a maximum content of glutamine and glutamic acid in a 
molecule {130 residues per molecule). 

According to the present invention, the endopolygalacturonase is caused to act on the pectin to obtain a 
jo low-molecular pectin. 

The endopolygaiacturonases generally exist in bacteria, yeasts, fungi, and higher plants. Many steps 
are required to purify the enzyme from these sources. That is, celis are removed from a culture solution 
containing microorganisms or the like to obtain a culture supernatant. The culture supernatant is subjected 
to ammonium sulfate precipitation to salt out only a protein. The protein is separated based on charges 
rs thereof using an ion exchange material. The enzyme is separated by gel filtration in accordance with 
molecular weights, thus purifying the endopolygalacturonase in accordance with such a general enzyme 
purification process. 

According to the present invention, when a commercially available pectinase is used, purification must 
be performed to eliminate pectin esterase and hemieellulase from the pectinase. 

so Since JTFP-1, JTFP-2, JTFP-3, and JTFP-4 produced from JTF-1, JTF-2, JTF-3, and JTF-4, respec- 
tively, are extracellular enzymes secreted outside the microorganisms, the culture supernatant can be 
directly used as a crude enzyme solution. The culture supernatant can be generally obtained such that the 
yeast is cultured on an agar slant and is then cultured in mass production. The resultant cultured product is 
centrifuged to eliminate the microorganisms. In this manner, the culture supernatant obtained using the 

26 yeast can be directly used in an enzymatic reaction, thereby advantageously simplifying the enzyme 
purification process. 

The culture supernatant is preferably subjected to a simple treatment such as dialysis, ultrafiltration, ion 

exchange, or gel filtration to eliminate the yeast smell produced in the reaction using this enzyme and to 

obtain a more transparent solution. 
30 A low-molecular pectin is obtained such that the purified product, culture supernatant, or its treated 

product of the endopolygalacturonase obtained as described above is reacted with a suspension obtained 

by suspending a pectin in a buffer solution such as acetic acid. 

The type of endopolygalacturonase used in the present invention is not limited to a specific one if it 

reacts with a pectin to produce a low-molecular pectin having a molecular weight of about 20,000 to 80,000, 
35 However, JTFP-1 to JTFP-4 free from laborious operations such as enzymatic purification are preferably 

used. 

As a pectin used in the present invention, any pectin material can be used, and its origin is not limited 
to a specific one. Therefore, generally known pectins originating from fruits, such as a lemon pectin and an 
apple pectin can be used. 

40 In a reaction between the pectin and one of JTFP-1 to JTFP-4, a purified product, a culture supernatant 
(crude enzyme solution), or its treated product may be used to react with the pectin. 

The degradation reaction by the enzyme is preferably performed for a reaction time of 12 to 48 hours 
when the content of the yeast culture supernatant is 5 to 20 parts by weight with respect to 1 part by weight 
of the pectin. The preferable reaction temperature and pH are those which allow a sufficient reaction and do 

45 not inactivate the endopolygalacturonase, i.e., 30 to 50 * C and a pH of 4.0 to 8.0. 

According to the present invention, even if the enzymatic reaction is performed at the degradation limit, 
the degradation of the pectin is stopped when its molecular weight is about 20,000. Therefore, by controlling 
the reaction conditions such as the reaction time, a low-molecufar pectin having an arbitrary molecular 
weight falling within the range of about 20,000 to 80,000 can be obtained. 

so Although the low-molecular pectin according to the present invention can have a molecular weight of 
about 20,000 to 80,000, the molecular weight preferably falls within the range of about 50,000 to 70,000 in 
view of retention of the physiological activity as the dietary fiber and ease in addition of the low-molecular 
pectin in food and drink. A low-molecular pectin most preferably has a molecular weight of about 60,000. 
The degraded product of the pectin may be directly dried and used, or may be further treated. 

55 When a further treatment is to be performed, the degraded product of the pectin is purified by dialysis 
or ultrafiltration to eliminate galacturonic acid and its oligosaccharide in the degraded product and acetic 
acid used as the buffer solution in the reaction. The purified degraded product is precipitated using an 
organic solvent such as ethanol or acetone or dried by freeze drying or spray drying to obtain a powder for 
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later applications. 

According to the present invention, there are provided food and drink which contain low- molecular 
pectins of the present invention. 

The low- molecular pectin obtained by the above method according to the present invention has a 
5 molecular weight failing within the range from that of a polysaccharide such as pectin or agarose to that of 
an oligosaccharide such as maltooligosaccharide or fructooligosaccharide. Although the low-molecular 
pectin has a lower viscosity and a higher solubility than those of the original pectin, it has a defecation 
improving effect as one of the physiological activities of the dietary fiber. 

On the other hand, sines the low-molecular pectin according to the present invention has the above 
jo properties, it can be contained in an amount which allows to maintain the physiological activity as the 
dietary fiber, i.e., 0.01 to 50 wt%, and preferably 0.1 to 5 wt%, which cannot be conventionally contained, in 
a variety of food and drink such as juices, candies, breads, and jams. 

The food and drink which contain low-molecular pectins according to the present invention exhibit 
improved physical properties and an improved palate at the above contents. These physical properties and 
js palate are different from those obtained in a case wherein a conventional pectin is added to food and drink. 

As described above, since the enzymes (JTFP-1 to JTFP-4) used in the present invention are 
extracellular enzymes secreted outside the microorganisms, the culture supernatant can be directly used as 
a crude enzyme solution and in the enzymatic reaction. Therefore, the enzyme can advantageously simplify 
the enzyme purification process and easily degraded the pectin into a low-molecular pectin. When the 
20 enzymes used in the present invention are caused to act on pectins up to the degradation limit, the 
decrease in molecular weight of the pectin upon degradation can be stopped at about 20,000, and further 
degradation cannot progress according to the characteristic feature of the enzyme. By controlling the 
reaction conditions, a low-molecular pectin having a molecular weight falling within the range of about 
20,000 to 80,000 can be obtained. 
25 Since the resultant low-molecular pectin has a low viscosity and a high solubility and can maintain the 
physiological activity (e.g., a defecation improving effect) of the dietary fiber, the low-molecular pectin can 
be easily added in the food and drink in an amount enough to provide the physiological activity as the 
dietary fiber. 

The present invention will be described by way of its examples, but is not limited thereto. 

m 

[Examples] 

Parts and percentage represent parts by weight and wt% throughout the examples, unless otherwise 
specified. 

35 

Example 1 

Method of Culturing JTF-1 to JTF-4 and Preparation of Crude Enzyme Solutions 

40 (1) Method of Culturing JTF-1 and Preparation of Crude Enzyme Solution 

Kluyveromyces fragilis JTF-1 was cultured on the slant of potato sucrose agar (pH of 5.0) at 27 "C for 
24 hours. The cultured Kluyveromyces fragilis in one platinum loop was inoculated in 50 ml of a medium 
(pH of S.0) containing 5% of glucoie7~6\2% of ammonium phosphate, 0.1% of potassium primary 
45 phosphate, 0.1% of magnesium sulfate, and 0.4% of a yeast extract and was stationarily cultured at 27 °C 
for 3 days. This cultured product was inoculated in U of a medium having the same composition as above 
the culture medium and was stationarily cultured at 27 °C for 3 days. The resultant cultured product was 
centrifuged at 13,000 rpm for 10 minutes to eliminate JTF-1, thereby obtaining a culture supernatant. 

so (2) Method of Culturing JTF-2 and Preparation of Crude Enzyme Solution 

A culture supernatant was obtained following the same procedures as in (1) except that Geotrichum 
candidum JTF-2 was used in place of Kluyveromy ces fragilis JTF-1 . " 

ss (3) Method of Culturing JTF-3 and Preparation of Crude Enzyme Solution 

Candida Kefyr JTF-3 was cultured on the slant of potato sucrose agar {pH of 5.0) at 22 • C for 3 days. 
The cultured Candida Kefyr in one platinum loop was inoculated in 50 mt of a medium (pH of 5.0) 
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containing 5% of glucose, 0.2% of ammonium phosphate, 0.1% of potassium primary phosphate, 0.1% of 
magnesium sulfate, and 0.4% of a yeast extract and was stationary cultured at 22 *C for 3 days. This 
cultured product was inoculated in II of a medium having the same composition as the above cuiture 
medium and was stationary cultured at 22 °C for 4 days. The resultant cultured product was centrifuged at 
s 8,000 rpm for 10 minutes to eliminate JTF-3, thereby obtaining a culture supernatant. 

(4) Method of Culturing JTF-4 and Preparation of Crude Enzyme Solution 

Saccharomyces bayanus JTF-4 was cultured on the slant of potato sucrose agar (pH of 5.0) at 28 °C for 
10 3 days. The cultured Saccharomyces bayanus in one platinum loop was inoculated in 50 mi of a liquid 
medium {5% of glucose, 0.2% of ammonium phosphate, 0.1% of potassium primary phosphate, 0.1% of 
magnesium sulfate, and 0.4% of a yeast extract; pH of 5.0} contained in a 200-mi Erlenmeyer flask and 
was stationarily cultured at 28 ' C for 3 days. This cultured product was inoculated in 11 of a medium having 
the same composition as the above culture medium and contained in a 3-1 Erlenmeyer flask and was 
75 stationarily cultured at 28' C for 3 days. The resultant cultured product was centrifuged at 8,000 rpm for 10 
minutes to eliminate JTF-4, thereby obtaining a culture supernatant. 

Example 2 

20 Method of Preparing JTFP-4 

The culture supernatant obtained in Example 1 was filtered through a millipore filter (pore size: 0.45 
u.m) to perfectly eliminate JTF-4. The culture filtrate was dialyzed overnight in a 0.02 M acetic acid buffer 
solution (pH of 5.0) at 5"C. About 600 ml of the dialyzed culture supernatant were adsorbed in an ion 

26 exchange column (S-Sepharose) and were eluted in accordance with a density gradient method using an 
aqueous sodium chloride solution. Active fractions were collected, and gei filtration column chromatography 
(Sephadex G-75) was performed using a 0.02 M acetic acid buffer solution as an eluent. This chromatogram 
exhibited one highly active peak. The fractions corresponding to the highly active peak were collected and 
dialyzed overnight in distilled water at 5°C. The dialyzed product was condensed to 5 mi by gel filtration. 

30 About 1 mg of a purified enzyme was obtained as a protein from 600 mt of the culture supernatant. 

The enzymatic activity (one unit) was determined by measuring the number of reducing groups in the 
hydrolysate obtained by the enzymatic reaction in accordance with the Somogyi-Nelson method. That is, 
one unit is an amount of enzyme for producing 1 ixmol of the reducing groups of the hydrolysate per 
minute at 35 °C (the number of produced reducing groups is figured out as an amount of galacturonic acid). 

35 As a result of this measurement, the enzymatic activity according to the present invention was found to be 
33.9 units/mg protein. 

When SDS polyacrylamide electrophoresis was performed using this sample, the sample was detected 
as a single band. 

40 Example 3 

The following experiment was performed to examine the properties of the enzyme (JTFP-4) of the 
present invention. 

45 (1) Substrate Specificity 

In order to examine the substrate specificity of the enzyme, reactivity between the enzyme and 
substrates shown in Table 1 was examined. 

Each substrate was added so that the final concentration of a 0.2 M acetic acid buffer solution (pH of 
so 5.0) was set to be 0.2%. 0.1 ml of an enzyme solution was added to 0.15 mt of each resultant solution and 
was reacted therewith at 35 °C for 20 minutes. The presence/absence of the substrate degradation activity 
was detected by measuring the number of reducing terminals for each substrate. The degradation activity 
for each substrate is shown in Table 1. A mark o in Table 1 represents a substrate degraded by the 
enzyme, and a mark x represents a substrate not degraded by the enzyme. 
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Table 1 



Substrate Specificity 


Substrate 


Degradation 


Recti rt 


0 


Pectic acid 




Dextrin 




Starch 




Xylan 





is As is apparent from Table 1, the enzyme of the present invention can degrade the pectin and pectic 
acid, but does not degrade a soluble starch, dextrin, and xylan. 

(2) Optimal pH 

20 0.02 ml of an enzyme solution were added to 0.23 mt of a JVIcllvaine buffer solution having a pH of 2 
to 7 and containing pectic acid to obtain a final concentration of 0.2% and were reacted therewith at 35 s C 
for 20 minutes. The activity was measured by a Somogyi-Nelson method. Enzymatic activity values were 
measured as relative activities when the maximum activity value was defined as 100%. As shown in Fig. 1, 
the relative activities obtained by the Somogyi-Nelson method were plotted as a function of the pH to obtain 

25 an optimal pH. As is apparent from Fig. 1, the optimal pH of the enzyme of the present invention was near 



(3) Stable pH Range 

so Buffer solutions were a 0.2 M Mcllvaine buffer solution (pH of 3 to 7) and a phosphoric acid buffer 
solution {pH of 7 to 10). 

0.025 ml of the enzyme of the present invention were added to 0.125 ml of each buffer solution 
having a pH of 3 to 10 and were treated at 35 °C for an hour. 0.15 mt of a 0.5 M acetic acid buffer solution 
(pH of 5.0) were added to the treated solution to adjust the pH to 5.0. Pectic acid was added to this solution 

as so that the final concentration was adjusted to 0.2%, the resultant solution was reacted at 35 'C for 20 
minutes, and the activity was measured by the Somogyi-Neison method. Enzymatic activity values were 
measured as relative activities when the maximum activity value was defined as 100%. As shown in Fig. 2, 
the relative activities obtained by the Somogyi-Nelson method were plotted as a function of the pH to obtain 
a stable pH range. As is apparent from Fig. 2, the enzyme of the present invention was stable within a pH 

40 range of 4 to 8. 

(4) Optimal Temperature 

0.02 mt of the enzyme of the present invention were added to 0.23 mt of a 0.2 M Mcllvaine buffer 
45 solution (pH of 5.0) containing 0.2% of pectic acid and were reacted therewith at a temperature of 20 °C to 
80 'C for 5 minutes, and the activity was measured by the Somogyi-Nelson method. Enzymatic activity 
vaiues were measured as relative activities when the maximum activity value was defined as 100%. As 
shown in Fig. 3, the relative activities obtained by the Somogyi-Nelson method were plotted as a function of 
the temperature to obtain an optimal temperature. As is apparent from Fig. 3, the optimal temperature of the 
so enzyme of the present invention was about 45 * C. 

(5) Stable Temperature Range 

0.02 mt of the enzyme of the present invention were added to 0.13 mt of a 0.5 M Mcllvaine buffer 
55 solution (pH of 5.0) and were heat-treated at a temperature of 20 °C to 65 "C for 60 minutes, After the 
reaction solution was cooled with ice, 0.1 ml of a 0.5% aqueous pectic acid solution was added to each 
treated solution and was reacted therewith at 35 'C for 20 minutes, and the activity was measured by the 
Somogyi-Nelson method. Enzymatic activity values were measured as relative activities when the maximum 
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activity value was defined as 100%. As shown in Fig, 4, the relative activities obtained by the Somogyi- 
Nelson method were plotted as a function of the temperature to obtain a stable temperature range. As is 
apparent from Fig. 4, the relative activity of the enzyme of the present invention was 73% up to 45 °C, but 
was reduced to about 20% at 65 'C. The stable temperature range of this enzyme was limited up to 45' C, 

5 

{6) Influence of Metal Ion and Inhibitor 

influences of a metal ion and an inhibitor on the enzyme of the present invention were examined. 

Each metal ion and the inhibitor in Table 2 were added in 0.15 ml of a 0.2 M acetic acid buffer solution 
70 (pH of 5.0) containing 0.002 ml of the purified enzyme solution to obtain a concentration of 1 mM. Each 
solution was reacted at 35 °C for 5 minutes, and 0.1 m£ of a 0.5% aqueous pectic acid solution was added 
thereto. The resultant solution was reacted at 35* C for 20 minutes, and an inhibition ratio was calculated 
using the Somogyi-Neison method. Results are shown in Table 2. The inhibition ratio is a relative value with 
reference to a case (0%) in which a metal or inhibitor is not added. 



Table 2 



Influence of Metal and Inhibitor 


Compound 


Concentration 


Inhibition Ratio {%) 




(mM) 




No additive 




0 


BaCl 2 




69 


KCi 




35 


Pb(CH 3 COO)a 




54 


MgSO* 




0 


FeSOt 




18 


CaCl 2 




31 


EDTA 




74 



As is apparent from Table 2, this enzyme was most inhibited (74%) by EDTA. The enzyme was 
inhibited by a barium ion {barium chloride) by 69%. No inhibition was found with a magnesium ion 
(magnesium sulfate). 

3S 

(7) Molecular Weight 

The molecuiar weight of this enzyme obtained in Example 2 was measured by SDS polyacrylamide 
electrophoresis to be 38,000. 

40 

(8) Amino Acid Composition 

The enzyme of the present invention was hydrolyzed with 6M hydrochloric acid at 105 *C for 24 hours, 
The hydrolysate was analyzed by an amino acid analyzer (Hitachi, Model 835) to measure the amount of 
45 constituent amino acid. The measurement was repeated three times, and a ratio of the amino acid contents 
was calculated to obtain an amino acid composition. Results are shown in Table 3. 
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Table 3 



Amino Acid Composition 


Amino Acid 


Amino Acid Residue 
(per molecule) 


Asparagine + aspartic acid 


15 


Threonine 


11 


Serine 


43 


Glutamine + glutamic acid 


130 


Glycine 


37 


Alanine 


17 


Valine 


9 


Methionine 


1 


Isoleucine 


6 


Leucine 


7 


Tyrosine 




Phenylalanine 


4 


Lysine 


8 


Histidine 


6 


Arginine 


3 


Proline 


8 


Note) 

No experiments for detection were performed for tryptophan and cystine. 



As is apparent from Table 3, the amount of amino acid residue per molecule is largest in the glutamine 
+ glutamic acid and is the second largest in serine. 

Example 4 

Preparation and Analysis of Lemon Low-Molecular Pectin 
a) Preparation of Lemon Low-Moiecular Pectin 

(1) Preparation of Low-Molecular Pectin by JTF-1 Culture Supernatant 

100g of a temon pectin {Wako Junyaku Kogyo) were suspended in 41 of a 0.025 M acetic acid buffer 
solution (pH of 4.8), and U of the culture supernatant prepared in (1) of Example 1 was added thereto. The 
resultant solution was reacted at 40 °C for 24 hours. The resultant reaction solution was condensed by a 
rotary evaporator at 60 "C and was dialyzed overnight with respect to 100-fold deionized water of the 
sample solution. In addition, the dialyzed product was freeze-dried to obtain 58.34g of the lemon low- 
molecular pectin. 

(2) Preparation of Low-Molecular Pectin by JTF-2 Culture Supernatant 

59.25g of a lemon low-molecular pectin were obtained following the same procedures as in (1) except 
that 1 1 of the culture supernatant prepared in (2) of Example 1 was used. 

(3) Preparation of Low-Molecular Pectin by JTF-3 Culture Supernatant 

60.74g of a low-molecular pectin were obtained following the same procedures as in {1) except that 1i 
of the culture supernatant prepared in {3) of Example 1 was used. 



10 



EP 0 552 728 A1 



(4} Preparation of Low-Molecular Pectin by JTF-4 Culture Supernatant 

?0.40g of a low-moiecular pectin were obtained following the same procedures as in (1) except that 11 
of the culture supernatant prepared in (4) of Example 1 was used. 

b) Analysis of Lemon Low-Molecuiar Pectin 

The lemon low-molecular pectins obtained in (1) to (4) of a) were subjected to the following measure- 
ments (1) to (4). 

(1) Measurement of Molecular Weight 

The main peak of each lemon low-molecular pectin was measured by HPLC analysis using a TSK-6 
4000 PW gel filtration column to calculate its molecular weight using Pullulan (STANDARD P-82, Showa 
Denko) as the standard sample. 

(2) Measurement of Ratio of Galacturonic Acid to Neutrai Sugar 

After each lemon low-molecular pectin was perfectly decomposed using Drtselase (KYOWA HAKKO), 
the ratio of galacturonic acid to neutral sugar was measured by HPLC analysis using a Shodex Sugar SH- 
1821 column (S. Matsuhashi, S. inoue and C. Hatanaka, Biosci. Biotech. Biochem., 56, p. 1053 (1992)). 

(3) Measurement i of Viscosity 

A 5% soiution of each lemon low-molecular pectin according to the present invention was prepared, and 
its viscosity was measured using an E type viscometer (Tokyo Keiki, VISCONIC ED Type). 
Results in the above measurements (1) to (3) are shown in Table 4. 
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so (4) Measurement II of Viscosity 

The viscosity of the lemon low-molecular pectin obtained in (1 ) of a) was compared with that of a lemon 
pectin. The viscosities were measured using an E type viscometer (50 rpm). Results are shown in Fig. 5. 
The viscosity of the pectin was considerably reduced. Similar results were obtained for other low-molecular 
55 pectins. 
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(5) Defecation Improving Effect 

4-week old SD male rats were fed with a commercial solid teed {oriental yeast solid teed MF) for 4 days 
and were divided into four groups each consisting of five rats. A feed containing the low-molecular pectin 
obtained in (1) of a} and components shown in Table 5, and a solid feed were supplied to each group, and 
the rats were fed for 9 days. The feces of the rats on the ninth day were collected. Results are shown in 
Table 8. The hardness of the feces by the solid feed was used as a reference. The hard feces are - 
(negative), and the soft feces are + (positive). 

Table 5 



Component 


Control Group (g) 


Pectin Group {g} 


Low-Molecular Pectin Group (g) 


Casein 


22 


22 


22 


Lard 


9 


9 


9 


Corn oil 




1 




Mixed Salt 


3.5 


3.5 


3.5 


Mixed vitamin 




1 


1 


Choline chloride 


0.2 


0.2 


0.2 


Cholesterol 




1 


1 


Bile acid 


0.25 


0.25 


0.25 


Pectin" 




5 




Low-molecular pectin'* 






5 


Sucrose 


63.3 


58.3 


58.3 



1) The pectin and the low-molecuiar pectin were prepared from a lemon pectin {Wako Junyaku 
Kogyo). 



Table B 





Solid Feed 


Control 
Group 


Pectin Group 


Low- Molecular 
Pectin 


Softening 


0 




+ 





Judging from the above results, the low-molecular pectin prepared using the yeast of the present 
invention has a feces softening effect and was found to have a defecation improving effect. 
Similar results were also obtained for other low-moiecular pectins. 

Example 5 

Applications of Low-Molecular Pectin 

Applications using the low-molecular pectin obtained in (1) of Example 4 will be described in the 
following a) to c). 

a) 30% Apple Juice 

6 parts of 5-time condensed apple juice, 10 parts of granulated sugar, 0.2 parts of DL-malic acid, 0.02 
parts of sodium citrate, and 83 parts of distilled water were mixed with 1 part of the low-molecular pectin to 
prepare a 30% apple juice containing 1 wt% of the low-molecular pectin. 

The juice containing the low-molecular pectin exhibited smooth nector-like physical properties. 

b) Hard candy 

A composition material (Table 7) containing 1 part of the low-molecular pectin was used to prepare an 
apple type hard candy. 
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Sugar, millet jelly, and water were mixed with each other, and the resultant mixture was heated to 
110 • C. The low-molecular pectin dissolved in a small amount of water was added to the above mixture and 
was boiled down to 147°C. Citric acid, spices, and a coloring agent were added to and mixed in the boiled- 
down mixture. The resultant mixture was cooled and molded. As a control, an apple type hard candy 
s obtained by adding 1 part of a pectin was prepared and was compared with the hard candy of b). Results 
are summarized in Table 8 below. 

Table 7 



Components (parts by weight) 


Sugar 


60 


Millet jelly 


40 


Apple juice (5-time condensed) 


2 


Water 


17.5 


Citric acid 




Spices 


0.1 


Coloring agent 


appropriate amount 


Low-molecular pectin 


1 



Table 8 





Outer Appearance 


Taste 


Total Evaluation 


1% low-molecular pectin-added candy 


properly dispersed 


sour-sweet; mild taste 


very good 


1 % pectin added-candy 


lump of powder; not 
properly dispersed 


too sour; strange taste 


not satisfactory 



When 1 wt% of pectin was added to the candy material, the pectin formed a lump of powder and could 
not be properly dispersed. However, when the low-molecuiar pectin was added in the same amount as that 
of the pectin, the low-molecular pectin could be properly dispersed and facilitated the preparation of 
candies. In addition, the pectin-added candy was too sour and had a strange taste. However, the low- 
molecular pectin-added candy tasted good. 

c) Bread 

Bread was prepared using a composition material shown in Table 9. 

2.5 parts of the low-moiecular pectin were dissolved in water in advance, and this aqueous solution was 
mixed in the material (Table 9) except for a dry yeast. The resultant mixture was charged in a bread case of 
a Sanyo bread maker (SPM-B1), and the dry yeast was added thereto. The mixture was kneaded and 
fermented to bake the bread. As a control, bread was baked using the material composition (Table 9) from 
which the low-molecular pectin was omitted. 
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Tabic 9 



Components (part by weight) 


High protein flour 


250 


Sugar 


14 


Salt 


3.5 


Skim milk 


6.8 


Shortening 


15 


Dry yeast 


2.5 


Water 


180 


Low-molecuSar pectin 


2.5 



The organoleptic test results are shown in Table 10, Bread containing about 0.5 wt% of the low- 
molecular pectin and bread of the control were almost the same, but the low-molecular pectin-added bread 
was softer than the control. 

Table 10 





Outer Appearance and Taste 


Total Evaluation 


0.5% Low-Moiecu!ar Pectin-Added Bread 


Slight yeast-like smell; softer than the 
control; uniformly baked in brown 


good 


Control 


pleasant smell of bread; uniformly 
baked in brown 


good 



The above tests a) to c) were also conducted for the low-molecular pectins obtained in (2) to (4) of 
Example 4, and similar results were obtained. 



Example 6 

Preparation of Apple Low-Molecular Pectin 

Apple Sow-molecular pectins were prepared from an apple pectin (Wako Junyaku Kogyo) obtained 
following the same procedures as in (1) of Example 4, using the culture supematants prepared in (1) and (3) 
of Example 1. Each of the resultant low-molecular pectins had a mofecular weight of 6.6 x 10 4 . 

Example 7 

Preparation of Low-Molecular Pectin by Culture Supernatant Obtained by Dialysis 

(1) Preparation of Low-Molecular Pectin Using Culture Supernatant of Crude Enzyme Solution Obtained 
from JTF-1 

A low-molecular pectin was prepared following the same procedures as in Example 4 except that a 
culture supernatant obtained by dialyzing overnight 11 of the supernatant obtained in the method of (1) of 
Example 1 against 300 1 of a 0.025 M acetic acid buffer solution (pH of 4.8) was used in place of the culture 
supernatant prepared in the method of (1) of Example 1. The resultant low-molecular pectin had a molecular 
weight of 6.6 x 10*. 

(2) Preparation of Low-Molecular Pectin Using Culture Supernatant of Crude Enzyme Solution Obtained 
frornJTF-2 

A iow-molecular pectin was prepared following the same procedures as in Example 4 except that a 
culture supernatant obtained by dialyzing overnight 1 i of the supernatant obtained in the method of (2) of 
Example 1 against 3001 of a 0.025 M acetic acid buffer solution {pH of 4.8) was used in place of the culture 
supernatant prepared in the method of (2) of Example 1. The resultant iow-molecular pectin had a molecular 
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weight of 6.6 x 10 4 . 

(3) Preparation of Low-Molecular Pectin Using Culture Supernatant of Crude Enzyme Solution Obtained 
from JTF-3 

A low-molecular pectin was prepared following the same procedures as in Example 4 except that a 
culture supernatant obtained by dialyzing overnight 1 i of the supernatant obtained in the method of (3) of 
Example 1 against 300i of a 0.025 M acetic acid buffer solution (pH of 4.8) was used in place of the culture 
supernatant prepared in the method of (3) of Example 1. The resultant tow-molecular pectin had a molecular 
weight of 6.6 x 10*. 

(4) Preparation of Low-Molecular Pectin Using Culture Supernatant of Crude Enzyme Solution Obtained 
from JTF-4 

A low-molecular pectin was prepared following the same procedures as in Example 4 except that a 
culture supernatant obtained by dialyzing overnight M of the supernatant obtained in the method of {4) of 
Example 1 against 3001 of a 0.025 M acetic acid buffer solution (pH of 4.8) was used in place of the culture 
supernatant prepared in the method of (4) of Example 1 , The resultant low-molecular pectin had a molecular 
weight of 6.6 x 10*. 

Claims 

1. A novel pectinase for decomposing a pectin or pectic acid, characterized in that 

(i) said novel pectinase is an endopolygalacturonase produced from a genus Saccharomyces , 

(ii) an optimal pH upon reaction at 35 * C for 20 minutes is 4.0, 

p) a stable pH range during heating at 35 * C for 60 minutes is 4.0 to 8.0, 
(jv) an optimal temperature upon reaction at a pH of 5.0 is 45 " C, 

(v) an enzymatic activity upon heating at a pH of 5.0 for 60 minutes is stable up to 45 *C, and 
(vt) a molecular weight is 38,000. 

2. A low-molecular pectin obtained by causing the endopolygalacturonase to act on the pectin. 

3. A low-molecular pectin in which the endopolygalacturonase of claim 2 is produced from a genus 
Kluyveromyces , a genus Geotricum , or a genus Saccharomyces . 



Food and drink each containing 0.01 to 50 wt% of the low-molecular pectin of claim 2 or 3. 
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